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BNVESTIGATION OF GRAVITY LEVEL PREFERENCE 

TH%EFFECTS OF GRAVITATIONAT., FORCES ON SMALL 
ANIMALS AND PRIMTES, AN? OF TECHNIQLTES FOR RE- 
LATED SPACE FLIGHT EXPERIMENTS 

This report  is a follow-up t o  the  s t a t u s  repor t  of 
22 December 1964. 

PUBLICAT IONS 

I n  addi t ion t o  t h e  previously mentioned paper K. 0. Lange, 
R. E. Be l lev i l le  and F. C. Clark: "Ueber das Verhalten k l e ine r  
Tiere unter  raumfahrtbedingten Beschleunigungen". the  following 
presentat ions of r e s u l t s  of t h i s  research project  were made 
during the  report ing period: 

R. C. Martin & N. K. Richardson: "Hyper-gravity as an aversive 
stimulus", 1965 Meeting, Southeastern Psychological Association. 

K. 0, Lange & A. B. Broderson: "Animal behavior i n  f i e l d s  of 
simulated gravity", 1965 Annual Meeting, I n s t i t u t e  of Environ- 
mental Sciences (published i n  the "1965 Proceedings" of the  
I n s t i t u r e  of Environmental Sciences. ) 

K. O:Lange, R. C. Martin, A. B. Broderson and W. R. Richardson: 
"Acute & Chronic Centrifugation of Rodents", 1965 Autumn 
Meeting, The American Physiological Society. 

Individual papers on t he  various phases of experimental 
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research with rodents and birds  i n  parabolic and s p i r a l  cen t r i -  
fuges a r e  i n  preparation. 

The NASA o f f i c e  of Behavioral Biology 
has been informed by personal contacts and occasional memos of 
progress made during the report ing period. 

RESEARCH PERSONNEL 

(Space Sciences) 

The e n t i r e  pro jec t  i s  directed by the  undersigned with 
D r .  Pogle C. Clark as chief consultant. It f a l l s  i n to  the  
following d i s t i n c t  phases : 

1. Determination of g rav i ty  level  preference i n  grav i ty  f i e l d s  
of one g up (Dr.  Vartin and s t a f f )  

2 . .  Development of techniques f o r  gravi ty  preference measure- 
ments over the  range of weightlessness t o  ear th ' s  g rav i ty  
i n  space probes (A. B. Broderson and s t a f f )  

3. Determination of t h e  responses of r e s t r a ined  primates t o  
simulated g rav i t i e s  programmed on the  12' centr i fuge with 
var iab le  angular speed (Dr.  F i r t i n ,  T. D. Sharp-and s t a f f )  

4 .  Design and construction of the  50' centr i fuge f a c i l i t y  with 
simultaneously var iab le  angular speed and radius  (T. D. Sharp, 
D r .  C a r t e r  and s t a f f ) ,  and preparation of the  computer programs 
f o r  i t s  operation (D. Johnson) 

. 

5. Chronic centr i fugat ion (guest inves t iga tors  and s t a f f )  

6 .  Preliminary work toward the appl icat ion of these grav i ty  re -  
search methods and techniques t o  s tud ies  of the response of 
organisms t o  mechanical vibrat ions ( D r s .  Funk and Martin) 

GRAVITY LEVEL PREFEREXCE IN FIELDS OF ONE g TO TWO g 

The g r m i t y  f i e l d s  consist  of parabolic and s p i r a l  centr i fuges 
as previously described. 

During the  repor t ing  period parabola P4 w a s  constructed, and 
a l l  t e s t  programs with r a t s  ant ic ipated f o r  it, were car r ied  out.. 
The apparatus is now in  the process of being modified i n t o  version 
P5 t o  be used pr inc ipa l ly  with squ i r r e l  monkeys. 

The above tests consisted of or ig ina l  and repeat  exposures 
of s ign i f icant  numbers of rats t o  the range of l g  t o  2g i n  t h e  

various grav i t ies .  
. parabolic centr i fuges and the  measurement of time spent at  the 
I 

Equivalent measurements were a l s o  ca r r i ed  out 

! 



t 

A d 0 5  
Ot43X 
I- 

A d 0 3  
OY3X ' 
'- -- 

- 3 -  

on the  s p i r a l  centr i fuges and these latter experiments moreover 
included test  series over the  range of from l g  t o  only 1.3g. 

T e s t  r e s u l t s  have been analyzed and a r e  being prepared f o r  
publication. 
rats show a pronounced preference f o r  one g, and learn  by repeated 
exposure t o  the gravi ty  f i e l d  t o  show t h e i r  preference within 
seconds. There i s  reason, therefore, t o  assume t h a t  valuable 
information on the  rats'  preference over the region from near 
weightlessness t o  near ear th ' s  gravi ty ,  can be obtained through 
r e l a t i v e l y  inexpensive short  b a l l i s t i c  f l i g h t s .  Work on t h e  tech- 
niques f o r  such f l i g h t s  i s  described below. 

They may be summed up, here, i n  t he  statement t h a t  

Centrifuge P2 i s  presently used f o r  the study of t he  behavior 
of birds .  
g r a v i t i e s  of l g  t o  about 3g. 
d i f f e ren t ly  t o  the  ro t a t iona l  e f f ec t s  which accompany the  production 
of simulated g rav i t i e s  by centrifugation. These experiments have 
not ye t  been concluded. 

Chicks have been, and parakeets are being exposed t o  
It i s  expected t h a t  b i rds  might r eac t  

Experiments f o r  a conditioned-suppression study have been 
terminated. The data analysis  shows t h a t  t h i s  study should be 
taken up again - at a l a t e r  time - with more elaborate  equipment. 

Attempts t o  produce and r a i se  rats on t h e  "breeder centrifuges" 
a t  2.6g have not been as successful as the  p r io r  e f f o r t s  with mice, 
however, t he  work is being continued with modifications in the  
procedures. 
2.6g continuously from ten days a f t e r  b i r th .  

A number of rats a re  on hand having been exposed t o  

GRAVITY LEVEL PREFERENCE BETWEEN Z W O  AND ONE g 

An ul t imate  goal of t h i s  invest igat ion is  t o  give animals an 
opportunity t o  choose any desired gravi ty  between ear th ' s  g rav i ty  
and weightlessness over periods of t i m e  of t he  order of months. 
This ought t o  e s t ab l i sh  clues  on how much gravi ty  should be pro- 
vided i n  manned space vehicles  during long f l i g h t s .  Such animal 
experiments requi re  o r b i t a l  f l i gh t s .  They are complicated, time 
consuming and expensive. It i s  thought, t h a t  shor t  (5  t o  10 minutes) 
f r e e  f a l l  t r a j e c t o r i e s  w i l l  provide the  means of ,  f i r s t l y ,  pro- 
viding some of t he  answers and, secondly, affording the  opportunity 
of t e s t i n g  methods and techniques o f f  the ear th ' s  surface.  
probes with rockets  s i m i l a r  t o  t h e  Aerobee 150 are under consideration. 

Space 

. The prospective space apparatus i s  log ica l ly  based on laboratory 
prototypes with which considerable operating experience e x i s t s  by 
now, The pr inc ipa l  difference l i e s  i n  the  f a c t  t ha t  only cen t r i -  
fuga l  accelerat ion ensues i n  the coasting f l i g h t  above the atmosphere 
while t he  vector  additionsof ear th 's  g and cent r i fuga l  accelerat ion 
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ac t  in  the laboratory.  
must contain a l i f e  support system. 
collapsing the  apparatus i n t o  a nose cone o r  f o r  using the  nose 
cone i t s e l f  and the subjects  must be protected against  the s t r e s ses  
of the  powered por t ion  of the  f l i g h t .  
be vi ta l ,  bu t  it appears t o  be e s sen t i a l  t ha t  the  apparatus can 
a l so  be operated i n  the  laboratory on ear th ,  so t h a t  f l i g h t  simu- 
l a t i o n  may be car r ied  out f o r  the t r a in ing  of the animal subjects  
as wel l  as t h a t  of the human operators. 

Noreover, the  space apparatus must be or  
There must be provision f o r  

Recovery does not seem t o  

A number of versions a r e  under considerations: an in f l a t ab le  
cone t o  simulate paraboloid P2, a V shaped centrifuge t o  simulate 
the parabolas, an i n f l a t a b l e  s p i r a l ,  and a ro t a t ing  capsule-counter- 
weight centrifuge,  having the charac te r i s t ics  of centr i fuge C1 on 
the bas i s  of constant angular momentum. 
appears t o  be most feasable  a t  the moment. 

The V shaped centr i fuge 

The subject ' s  pos i t ion  i n  the grav i ty  f i e l d  must be monitored 
Measuring the r ad ia t ion  in t ens i ty  of radioact ive and telemetered. 

mater ia l  a t tached to the animal i s  feasa3le,  however, no standard 
detector  i s  r ead i ly  ava i lab le  fo r  space use and the  d ispos i t ion  
of t h e  radioact ive substance presents somewhat of a problem. Re- 
placing the  photographic methods, which have proved sa t i s f ac to ry  
i n  the laboratory, by te levised observation i s  possible  but 
appears more cumbersome than necessary. 
w i l l ,  of course, not work i n  the s t a t e  of weightlessness. 
e l e c t r i c  methods a r e  applicable. 
present ly  used photoelectr ic  arrangements, a new technique w a s  
developed which has a l l  the  earnarks of being superior.  
c i r c u i t s  r eac t  t o  t h e  e l e c t r i c a l  conaucrance of r;he animal aivug 
a runway which cons is t s  of individual metal rods spaced approxi- 
mately 1 /2  inch apart .  These bars are swept by a r ing  counter 
thereby establ ishing the location of the subject per iodical ly .  
This in te l l igence  may be telemetered by a one channel transmission, 
Further development i s  s t i l l  required because, surpr is ingly,  t e s t  
rats reacted t o  the  present ly  used 24 Volt DC po ten t ia l s .  

Weight operated platforms 
Photo- 

In  the process of improving on 

Transis tor  

Consultation with NASA engineers and rocket manufacturers 
on the  f e a s i b i l i t y  and p rac t i cab i l i t y  of present designs i s  i n  
progress, and an improved version of the  novel detect ion method 
is  being i n s t a l l e d  in  centrifuge P5 f o r  operat ional  t e s t ing .  

THE EFFECTS OF GRAVITATIONAL AND ROTATIONAL FORCES ON PRIMATES 

The ramif icat ions of t he  in te rac t ion  of cent r i fuga l ly  s imu-  
l a ted  g rav i t i e s  and simultaneously produced motion sickness 
f ac to r s  have been pointed out i n  previous proposals and repor t s  
per ta ining t o  t h i s  grant .  
ro t a t ing  gravi ty  f i e l d  at w i l l ,  it and not  the  researcher,  controls  

Wheo the subject i s  allowed t o  roam a 
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the  ensuing Cor io l i s  accelerations.  
& s p i r a l  centrifuges Centrifuges C 1  and C 2  a r e  designed t o  restrain 
the  animal and t o  l e t  the operator program gravity,  ra te  of change 
of gravity,  m a n n e r  af  change and thereby tangent ia l  acceleration, 

In  contrast  t o  the parabolic 

Construction of Centrifuge F a c i l i t y  C 1  w a s  f inished during the 
report ing period, and operations with squ i r r e l  monkeys have been 
taken up and continued almost without interrupt ion.  

This centr i fuge i s  some 12 foo t  i n  diameter and ro ta ted  by a 
var iab le  speed motor. An animal capsule i s  pivoted (at present at 
one f ixed  radius)  on one arm and i s  subjected (at present)  t o  grav i ty  
accelerat ions of from l g  t o  2g. The squ i r r e l  monkey is res t ra ined  
i n  a chai r  ins ide  the capsule. 
water. The instrument panel has (at present)  one r e t r ac t ab le  lever  
and a cue l i gh t .  
a t  the  operators console permit c lose  observation of the  subject.  
A novel communication system between the  centr i fuge and i t s  outs ide 
complex of psychological instrumentation and centr i fuge controls,  
furnishes  an ample nunber of channels w i t h  a minimum number of 
s l ip r ings .  

There i s  provision f o r  food and 

A t e lev is ion  camera on t h e  capsule and i t s  monitor 

Since only the  rate of ro ta t ion  but not t h e  radius  of Centri- 
fuge C1 can be programmed, any var ia t ion  of the  g-level of t he  capsule 
i s  accompanied by a corresponding tangent ia l  accelerat ion.  
ignorance exis ted on which one of these two fac to r s  would have a 
more pronounced e f f e c t  on the  subject ' s  behavior. 
ments, therefore ,  had t o  be designed t o  c rea t e  some c l a r i f i c a t i o n  
i n  t h i s  respect .  In a conference among Drs. Bel lev i l le ,  Clark, 
Martin and t h e  undersigned it was decided t o  disregard Tor the  time 
being previously made proposals and t o  s ta r t  t he  experiments with 
a new schedule suggested by Bel levi l le .  

Complete 

The f i rs t  experi- 

The execution i s  as follows: 

A naive monkey i s  acquainted with the r e s t r a i n t  chair  through 
a number of shor t  sessions outside the  capsule. 
put i n to  the  capsule and the centrifuge is brought t o  very slow 
ro ta t ion ,  enough t o  overcome the discont inui ty  between complete 
quie t  and operation, but not enough t o  cause grav i ty  t o  increase 
appreciably ahove one g. 
control  of t h e  centrifuge.  It holds grav i ty  a t  nominal one g for  
15 minutes, The rate of ro t a t ion  i s  then increased as a function 
of time so  that simulated gravi ty  i s  l i nea r ly  increased from one g 
t o  two g i n  th ree  minutes. &%en two g i s  reached, the  r e t r ac t ab le  
lever comes out and a cue l i gh t  comes on. The capsule remains at  
two g u n t i l  t he  subject pushes the lever. Immediately upon t h i s  
act ion the  centrifuge r e tu rns  t o  nominal one g at the  l i nea r  rate 
of one g per  minute, while the  lever  r e t r a c t s  and the cue l i gh t  
goes aut. 
A t e s t  is terminated f o r  t he  day a f t e r  seven such t r ia l s .  

For a tes t  he is 

A Data Trac then takes over fu r the r  

After 15 minutes a t  one g the procedure repea ts  i t s e l f .  
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This procedure turned out t o  be immediately successful i n  
t h a t  t he  two subjects  used so far demonstrated aversion t o  the 
two g l eve l  by learning within a few days t o  push the lever  
regular ly  within seconds. 

The above procedures have s ince been supplemented by addi t ional  
schedules, but  as the research is s t i l l  i n  progress fu r the r  comment 
on the  r e s u l t s  would be premature. 

DESIGK AM) CONSTRUCTION OF CEWRIFTJGE C2 

Centrifugally simulated gravi ty  is a function of angular speed 
w and radius  r of centr i fuge and c q s u l e .  One and the same gravi ty  
l eve l  may be obtained e i ther  by slow ro ta t ion  on a long arm, or ,  
by f a s t  ro t a t ion  on a short  arm, and the same gravi ty  may be main- 
ta ined while properly varying w and r .  Similarly, any r a t e  of change 
of g may be control led e i the r  by var ia t ion  of w, or ,  by var ia t ion  of 
r ,  or ,  by proper simultaneous var ia t ions  of both w and r. Variation 
of cu produces a tangent ia l  acceleration, the  e f f ec t s  of which super- 
impose on the  pure grav i ty  e f fec ts .  Variation of r a l so  produces a 
tangent i a  1 ac  ce 1 erat ion , name 1 y the Cor i o 1 i s  ac ce l e r  a t  ion. However , 
when w and r are simultaneously var ied such t h a t  the  angular momentum 
ramains constant, then g can be var ied without tangent ia l  s ide  e f fec ts .  
Centrifuge C2 has been designed t o  be operated a t  any of t he  above 
conditions f o r  the purpose of separating behavioral  responses caused 
by "simulated gravity" from those caused by "rotat ional  environment .I1 

In  order t o  obtain optimum t e s t  ranges, i t  i s  o5viously desirable  
t o  be ab le  t o  vary r and w from very small t o  very large values, a t  
meticulously controlled r a t e s .  Fcr p rac t i ca l  reasons (available 
funds) a choice was  made fo r  a maximum diameter of 50 f e e t ,  a payload 
of 100 lb ,  a maximum gravi ty  accelerat ion of only 2g, but considerable 
magnitudes of angular accelerations and r a d i a l  ve loc i t i e s .  

Both the  w and r dr ive motors a r e  electrohydraulic.  Various 
comercia1 versions have been investigated 2nd a d e f i n i t e  order i s  
about t o  be placed. 
is under construction i n  the University of Kentucky machine shop. 
The magnesium super s t ruc tu re  has been designed and w i l l  be b u i l t  i n  
house o r  ordered? depending on f i n a l  cost  estimates. Capsules and 
the communications system a re  simular t o  the ones proven successful 
on Centrifuge C 1  and a re  a l so  being b u i l t  in  house. The centr i fuge 
w i l l  be coatrol led by an I E N  1800 process cont ro l le r ,  t o  be delivered 
i n  Apri l  1966, and two engineering a s s i s t an t s  a re  now undergoing 
intensive t r a in ing  i n  programming t h i s  equipment. 

A novel r drive mechanism has been devised and 

There i s  a t  present no space i n  the Wenner-Gren Aeronautical 
Research Laboratory building for  a centr i fuge of t h i s  s ize ,  but, 
t he  undersigned is happy t o  report  t h a t  the  'Commonwealth of Kentucky 
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has appropriated funds f o r  a new building t o  be spec i f i ca l ly  
constructed t o  house Centrifuge C1 ,  and t o  be located adjacent 
t o  the present Laboratory. A S t a t e  appointed a rch i t ec tu ra l  f i rm 
i s  present ly  working on plans f o r  t h i s  building i n  cooperation 
with the  Laboratory's engineering s t a f f .  It is planned t o  start 
assembly of t he  centr i fuge i r respec t ive  of t he  time schedules of 
the  building construct ion. 

CHRONIC CENTRIFUGATION 

Test subjects  are exposed t o  the  e x t r a t e r r e s t r i a l  g rav i ty  of 
2.6g over long periods of time on the  "breeder centrifuges" i n  
order t o  be tes ted  afterwards i n  the  grav i ty  f i e l d s .  
centrifuges" were o r ig ina l ly  designed f o r  mice and are not r e a l l y  
sa t i s f ac to ry  f o r  rats. For t h i s  reason, and a l so  f o r  physiological 
s tud ies  of subjects  exposed t o  various f ixed  g rav i t i e s  over various 
f ixed  periods of time, another 12 '  centr i fuge i n  the  shape of a 
t r i p l e  toroid w a s  designed, constructed and put i n t o  operation. 
For a NASA supported study of the e f f e c t s  of cen t r i fuga l ly  generated 
g r a v i t i e s  on b ra ince l l s  
subjected on t h i s  centr i fuge to  1.5g, 2.5g and 3.5g f o r  a month, 
a week and two days. Brain s l i ce s  were prepared from these subjects  
by personnel of the University of Maryland a t  the Wenner-Gren 
Aeronautical Research Laboratory, and taken t o  Baltimore. 

The "breeder 

(Dr.  Robert Grennell) some f i f t y  rats w e r e  

A study of bone development on guinea pigs  w a s  then s t a r t e d  by 
D r .  Zechman of the Department of Physiology and Biophysics of t he  
University of Kentucky and D r .  Thornton of the  Lexington Veterans 
Hospital. 
mor ta l i ty  reached a c r i t i c a l  p o i n t  the  study had t o  be discontinued 
f o r  the time being. 

These animals refused t o  ea t  on the  centr i fuge and vhpn. 

PRELIMINARY VIBRATIONS RESEARCH 

The Werner-Gren Aeronautical Research Laboratory is engaged in  
research on the response of the human body t o  mechanical v ibra t ions  
under contract  with the U. S. A i r  Force. A t  the  present t i m e  a 
s e r i e s  of species of animals are  subjected t o  intense sinusoidal 
v e r t i c a l  v ibra t ion  on the  University of Kentucky Shake F a c i l i t y  i n  
order t o  determine the dynamic cha rac t e r i s t i c s  of t h e i r  bodies. 
These animals subs t i t u t e  f o r  human t e s t  subjects  because of the 
danger of injury inherent i n  the t e s t  procedures. 
must be anesthetized, t h e i r  dynamic response i s  passive and does 
not furnish the  exact parameters, which would be obtained i f  t he  
subjects  were ab le  t o  counteract the imposed s t r e s ses  by voluntary 
o r  involuntary r e f  lex a c t  ion. 

Since the animals 

It appeared t o  the undersigned t h a t  the methods of experimental 
psychology, used i n  t h i s  gravi ty  study, would lend themselves w e l l  
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t o  an invest igat ion of the  e f fec ts  of v ibra t ion  on organisms f u l l y  
capable of adjusting thenselves to  the  i q o s e d  stress. 
cussing t h i s  with D r .  Be l lev i l le  t he  following approach evolved: 
An animal subject is exposed at any one of a series of frequencies 
t o  a given v ibra t ion  amplitude. 
reduce t h i s  amplitude (and thereby the ve loc i ty  and accelerat ion 
of v ibra t ion)  by pushing a lever .  Simultaneously, however, it 
receives  gradually increasing e l e c t r i c  shock, so tha t  it is  forced 
t o  t rade shock in t ens i ty  f o r  v ibra t ion  io te3s i ty .  
t ens i ty  i s  eas i ly  measured and would convey a numerical value €or 
the avers i ty  of the degree of vibrat ion at any frequency of the  
frequency range. Correlation with the r e s u l t s  obtained on anesthetized 
subjects  should make exp l i c i t  the extent to  which the subject i s  able 
t o  adjust  i t s  physical parmeters  t o  m i t  the  imposed s t r e s s .  

In  dis-  

The animal is t ra ined t o  gradually 

The shock in- 

The idea i s  being pursued by ihr. Martir, of the  Werner-Gren 
Aeronautical Research L d x a t o r y  2nd Department of Psychology and 
D r .  Funk of the Department of Xechanical Engineering of the  University 
of Kentucky. 
v ibra t ion  t e s t s  have been designed and constructed. 
been devised, t he  poten t ia l  of which may be a l t e r ed  in  var iab le  steps,  
and t r a in ing  of a squ i r r e l  monkey has commenced. 
pr inc ip le  of t he  proposed procedure w i l l  be midertaken on the  present  
shaketable, but i t  i s  expected tha t  a coxzplete study w i l l  r equi re  
a shaker spec i f ica l ly  instrumented f o r  such tests. 

An animal cozputment 2nd r e s t r a i n t  chair  su i t ab le  for 
A shocker has 

Testing of the  

R. 0. Lange 
Professor of Mechanical EngiEeering 
Director,  Wenner-Gren Aeronautical 
Res ear ch Laboratory I 


